and air samples followed procedures developed during
previous work in the Antarctic. However, greater emphasis than in previous years was placed on air sampling both upwind and downwind of campsites and in
testing the efficiency of air samplers.
Five types of air samplers were tested and their
efficiency rated on the bases of viable numbers of
bacteria and fungi recovered on culture media per
cubic foot of air sampled. Colony counts were converted to microorganisms per cubic foot of air according to the formula
N

RP

where C is total plate count, R is air flow per cubic
foot per minute, P is air sample duration per minute,
and N is number of microorganisms collected per
cubic foot of air. Order of efficiency, based on maximum recovery of microorganisms, and other particulars of air sampling are summarized in table 1. The
study indicated that large volumes of air were not as
efficient as smaller volumes of air obtained for the
same time periods. The Andersen cascade sampler
and the Reynier silt sampler were generally the most
efficient samplers. The efficiency of the Roto-rod
sampler may be increased if media can be preserved
while the agar-coated rods are stored in the field.
Microbiological results for soils from seven sites,
and air from three sites, are shown in table 2. The
results are similar—in abundance, physiological
groups, and ecological sequence of microorganisms_
to results obtained in previous work (Cameron, 1971;
Lacy et al., 1970). However, growth was relatively
rapid for contaminated sites, lactose fermentation (for
enterics) was "abundant," and some bacteria could
survive (but not grow) following 24 hours of incubation at 55°C. The bacterial isolants will be tested at
other temperatures, and further tests, leading to
species identifications, will be performed (R. M. Johnson ) Arizona State University). All isolants and soils
will be retained along with other baseline materials
obtained during the past 6 years' study on the Continent to determine the extent of present and future
contamination of antarctic ecosystems.
References
Cameron, R. E. 1971. Antarctic soil microbial and ecological
investigations In: Research in the Antarctic (L.O.
Quarn,
ed.). Washington, D. C., American Association for the
Advancement of Science, p. 137-189.
Horowitz, N. H., R. E. Cameron, and J S. Hubbard. 1972.
.
Microbiology of the dry valleys of Antarctica. Science,
176(4032): 242-245.
Lacy, G. H., R. E. Cameron, R. B. Hanson, and F. A. Morelli.
1970. Microbiological analyses of snow and air from the
antarctic interior. Antarctic Journal of the U.S., V(4)
88-89.
94

McGinnis, L. D., and T. E. Jensen. 1971. Pennafrosthydrogeologic regimen in two ice-free valleys, Antarctica,
from electrical depth sounding. Quaternary Research, 1:
389-409.
Parker, B. C. (ed.). 1972.

Proceedings of the Colloquium on
Conservation Problems in Antarctica. Lawrence, Kansas,
Allen Press. 356 p.

Hydrocarbons in air samples from
antarctic dry valley drilling sites
J . V. BEHAR and L. ZAFONTE
Statewide Air Pollution Research Center
University of California at Riverside

R. E. CAMERON and F. A. MORELLI
Bioscience and Planetology Section
Jet Propulsion Laboratory
California institute of Technology
One important aspect in the study of polluted atmospheres is the determination of the lowest levels
attainable for several contaminants of interest. We
must be prepared to define the levels of the minor atmospheric constituents present in the cleanest air samples obtainable. Therefore, we have initiated studies
utilizing the unique environment provided by the
Antarctic Continent, primarily with respect to the lack
of anthropogenic processes carried on as in the more
populated regions of the earth.
Air samples were collected in 500 cc Pyrex sample
bottles fitted with Teflon vacuum stopcocks. The
bottles had previously been flushed with prepurified
grade nitrogen gas to minimize contamination. Sampling was accomplished by fitting a neoprene rubber
bulb to one end of the sample bottle and hand pumping the air through the bottle and out through the
rubber bulb, which was fitted with a one-way valve.
This technique eliminates contamination from any
hydrocarbons that might be present in the rubber
bulb. The bulb was pumped a sufficient number of
times to insure a minimum of five exchanges of air
This paper presents the results of one phase of research
carried out by the Jet Propulsion Laboratory, California Institute of Technology, under Contract NAS 7-100, sponsored
by the National Aeronautics and Space Administration.
Logistic support and facilities for the investigations in Antarctica and additional laboratory support at the Jet Propulsion
Laboratory were provided under Contract NSF C-585 with
the National Science Foundation. F. Burleson performed the
gas chromatographic analyses of the samples. F. Morelli
collected the samples as part of the monitoring phase of the
research on antarctic microbial ecology.
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in the sampling bottle. Hydrocarbon analyses for C1
through C paraffins and olefins were made using gas
chromatographic techniques reported by Stephens et
al. (1967a, 1967b.).
The table shows the results of these analyses for air.
samples collected at McMurdo Station, the Lake Fryxell camp in Taylor Valley, the Don Juan Pond camp
in Wright Valley, and the Lake Vida camp in Victoria
Valley. Three special collections were made-of jet
helicopter exhaust (taken from the exhaust stream, 10
meters from the helicopter) and of rural and urban
areas in New Zealand. The blank sample (column
one) served as a control for this experiment in that
it was purged with nitrogen prior to shipment and
remained sealed until all of the samples were returned
and analyzed. Analysis of this sample indicated a contamination due to isobutene at a level of 29.2 parts
per billion. This contaminant was the only significant
one attributable to the sample containers, and the
data indicate that the level of contamination is a
function of the time from which the bottle was last

sampled. The contamination may be due either to
outgassing from the glass surface or to outgassing
from or degradation of the Viton/Tefion stopcock
material. Studies are under way to determine the
source of this contamination.
For comparison with samples taken in and around
urban and rural areas of Southern California, samples
were collected at downtown Christchurch, New Zealand, and in Springfield, New Zealand, a rural area
80 kilometers from downtown Christchurch. These
samples appeared typical of those observed locally in
all respects with the notable exception of methane,
which was very near the average value obtained on
the Antarctic Continent. However, this value is not
surprising; natural gas, a significant contributor to
high methane levels, is not generally available in
New Zealand.
The results of these analyses indicate that the atmospheric environment of the Antarctic Continent is,
as hoped for, still relatively unencumbered by hydrocarbons of anthropogenic origin. The average values

Results of hydrocarbon analyses, parts per billion.

Compound

methane
ethene
ethane
acetylene
propane
propene
isobutane
n-butane
1 -butene
isobutene
trans-2-butene
isopentane
cis-2-butene
n-pentane/
3-methylbutene- 1
1,3-butadiene
methyl chloride
methyl acetylene
1 -pentene/2,2dimethyl butane
1 -pentene
2-methyl-butene- I
trans-2-butene
cis-2-pentene/
2,3 dimethyl butane
2-methyl pentane
2-methyl butene-2
3-methyl pentane
cyclopentane
n-hexane
cyclopentene/
2-methyl butadiene
Date: (1971-1972)

July-August 1972

Lake Don Juan Don Juan Lake
Lake
Blank
Vida
Pond
Pond
sample McMurdo Fryxell Fryxell

24.0
0.5
0.4
0.1

29.2

1,450
0.7
0.7
0.3
0.2
0.3
0.3
0.3

1,390
0.6
0.6

0.2

1,390
0.7
0.7
0.3
0.3
0.1
0.1
0.1

5.2

8.2

8.3

7.8

1,340
0.6
0.7
0.3
0.4
0.5
0.5
0.2

1,390
0.9
0.7
0.4
0.3
0.3

8.1

0.3
0.3
0.1

1,390
0.7
0.7
0.2

Lake
Vida

1,390
0.7
0.7
0.1
0.3
0.1
6.1

ChristSpringchurch
field
Jet
New
helicopter New
exhaust Zealand Zealand

1,440
198
6.2
41
0.5
56.4

1,410
0.7
0.7
0.2
0.1
0.1

0.6
10.7
49.3
1.2

0.1
3.9

1.5

6.0

4.6
11.2

1.1

0.7

1,440
10.8
1.4
9.5
0.9
2.4
1.5
3.7
0.6
40.0
0.6
5.1

5.2
3.0
0.9
1.2
0.8
0.9

2.1
1.2
1.2
4.5

0.9
1.8

12/9

12/28

12/28

12/12

12/11

12121

12121

12/26

1/20

1/21
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for the C2 hydrocarbons, ethane, ethene, and acetylene, are 0.7, 0.7, and 0.2 parts per billion, respectively,
not too much different from the blank sample. This
indicates that the values obtained are most likely world
background values for these substances, and that the
antarctic. site would provide an ideal environment for
background studies of both stable and unstable species.
The average levels of methane, 1.40 ± 0.04 parts
per million, agree with those values reported by Stephens et al. (1969) within experimental error; the
lowest value for methane, 1.34 parts per million, was
obtained upwind from McMurdo. Our analyses do
not allow us to distinguish this value from the average
value of 1.40 parts per million. However, if there is a
small local methane contribution, then we might expect this low value to be the case as this air mass was
approaching from a direction in which there were no
possible anthropogenic sources of methane.
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Japanese field party surveys
in the dry valleys
ToRn
The Japan Polar Research Association
TETSUYA

As part of the preliminary work of the Dry Valley
Drilling Project, the Japanese carried out electrical
depth soundings in the dry valley region in December
1971 and January 1972. Study locations were chosen
at Don Juan and Don Quixote Ponds, along the
western edge of Lake Vanda and the lower reaches of
the Onyx River in Wright Valley, at Lake Vida in
Victoria Valley, and at Lake Fryxell in Taylor Valley.
Ground resistivities were measured with a DC-commutated geohmeter. The usual source of power was
ten 45-volt dry cell batteries, except at Don Quixote
where fifteen 45-volt dry cells were used. This allowed
voltage adjustments between 0 and 450 volts. Steel
stakes were used as current electrodes, and the potential electrodes were copper poles inserted into cloth
tubes filled with a saturated solution of copper sul96

fate. Voltages could be obtained to 0.05 millivolt and
current to 0.1 milliamp. Electrodes were arranged by
Schiumberger's method. The current electrodes could
be positioned from 2 to 800 meters apart, and the potential electrodes from 0.5 to 100 meters apart, depending on the distance of the current electrodes from
the center.
Field data were analyzed by superimposing the field
curves on the theoretical curves of Schlumberger. In
addition, the theoretical Ono curves were used for
the analysis of underground structures with multiple
strata. Though the analysis is not yet completed, it
seems that a stratum of relatively low resistivity may
be detected under the high-resistivity permafrost stratum in many places.
During the summer seasons of 1970-1971 and 19711972, the heat budget and geochemistry of Lake
Vanda were studied in cooperation with the New
Zealand Antarctic Research Program. The study was
not directly related to the Dry Valley Drilling Project,
but it may offer useful information on the physical
and chemical properties of Lake Vanda in conjunction with the project.
Preliminary results seem to indicate that during the
summer only 7 percent of the solar radiation penetrates the ice, while reflection (48 percent), internal
melting (4 percent) and evaporation and back radiation (41 percent) account for the rest. In addition, the
highest temperatures near the bottom seem to have
been decreasing gradually over the past 10 years.
The lake water was analyzed on the spot for its
electrical conductivity, pH, dissolved oxygen content,
alkalinity, and distribution of nutrient matter.
Further chemical studies of Lake Vanda and Lake
Bonney are scheduled for the summer of 1972-1973.
This study will involve analysis of the major components and such trace elements as bromine strontium,
and boron, in an attempt to delineate part of the
natural history of these lakes.

Paleontology of late
Tertiary-Quaternary sediments,
Wright Valley, Antarctica
PETER N. WEBB

New Z ealan d Geological Survey
Lower Hutt, New Zealand
During the first field season (1971-1972) of the Dry
Valley Drilling Project fieldwork centered on improving paleontological control of Pliocene-Quaternary
sediments in Wright Valley. Particular attention was
focused on the stratotype of the Pecten Glaciation
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